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[57] ABSTRACT 

A battery charging apparatus for charging a chargeable 
battery is disclosed. The apparatus comprises: a dc power 
source for generating a charging current; current control 
means connected between the dc power source and a charge 
able battery to be charged; charging controller means con 
nected to the current control means for controlling a ?ow of 
the charging current from the dc power source to the 
chargeable battery; and charging condition detecting means 
for detecting charging condition of the chargeable battery 
during charging operation. The charging controller means 
supplies control pulse to the current control means. 
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BATTERY CHARGING APPARATUS 

This application is a continuation of application Ser. No. 
08/091,965 ?led Jul. 16, 1993 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a battery charging apparatus for 

a chargeable battery which is suitable for a video camera and 
the like. 

2. Description of the Prior Art 
For example, existing portable video cameras use a 

chargeable battery 2. nickel-cadmium type or a nickel»hy 
drogen type as an operating power source. The capacity of 
such a chargeable battery is about 600 mA/h and 1000 mA/h. 
A charging of the chargeable battery is performed by a dc 
power source which is obtained by rectifying an ac power 
source. In such charging, a constant current as shown in FIG. 
1A is supplied to the chargeable battery. In addition, in order 
to make up for a decrease of charge due to self-discharge, 
even after a completion of charging, a charging current as 
shown in FIG. 1B is supplied to the chargeable battery. 

According to the charging method mentioned above, even 
after a completion of charging, the same charging current as 
that in charging is supplied to the chargeable battery. In the 
meantime, since the amount of self-discharge is not great, it 
is not necessary to charge with the current as shown in FIG. 
18. Therefore, charging is performed by a current as shown 
in FIGS. 2A and 28. That is, in a quick charging situation, 
a relatively large constant current as shown in FIG. 2A is 
supplied to the chargeable battery. After a completion of 
charging, in order to make up for the self-discharged charge, 
a relatively small constant current (refer to FIG. 2B) as 
compared with that in the quick charging is supplied to the 
chargeable battery. 

FIG. 3 shows a circuit block diagram of a battery charging 
apparatus to supply the chargeable battery with such a 
current as shown in FIGS. 2A and 2B. In addition, charging 
to the chargeable battery is made either by quick charging 
for the short charging time or by a normal charging for the 
normal charging time. For example, if charging is normal, 
then a control signal supplied from a control block 101 
activates a charging block 102 to ?ow a current I, for the 
normal charging to charge the chargeable battery 103. 

In addition, whether the chargeable battery 103 is fully 
charged or not is detected in a full charging detecting block 
104. If the full-charge detecting block 104 detects that the 
chargeable battery 103 has already been fully charged, a 
detection signal DS is supplied from the full'charge detect 
ing block 104 to the control block 101. A control signal for 
controlling the amount of the current is supplied from the 
control block 101 to the charging block 102. The current to 
be supplied to the chargeable battery 103 becomes a rela 
tively small constant current as shown in FIG. 2B. 

If charging by quick charging, then a control signal output 
from the control block 101 activates a charging block 105 to 
flow a current 12 for a quick charging to charge the charge 
able battery 103. In the same way as mentioned above, if the 
full-charge detecting block 104 detects that the chargeable 
battery 103 is fully charged, then a relatively small constant 
current is supplied to the chargeable battery 103. 

Nevertheless, even if such a circuit con?guration has been 
achieved, the chargeable battery is forced to be charged at all 
times. 
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2 
As mentioned above, if the chargeable battery is charged 

at all times, there occurs an over-charge and the cell char 
acteristics of the battery could be degraded. Moreover, if a 
small charging current is supplied at all times after the 
full—charge, then the drop in charge efficiency could result 
with no appropriate charging. 

In addition, a battery charging apparatus having a plural 
ity of charging modes such as a quick charging mode, a 
normal charging mode, or the like, requires circuits equal in 
number to the number of charging modes. Therefore, the 
number of parts will also increase to prevent the battery 
charging apparatus from being miniaturized. Moreover, if an 
integrated circuit (IC) is adopted in the control block, then 
pins of the IC are used for the quick charging and normal 
charging circuits. However, there is a limit to the number of 
the pins of the IC. For example, pins reserved for other 
signal lines could be used for the charging circuits to restrict 
the function of the IC itself. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is therefore an object of the invention to provide a 
battery charging apparatus, wherein charging can be made 
without degrading the battery characteristics even if a 
chargeable battery has been connected to the battery charg 
ing apparatus for a long period, and wherein the battery 
capacity can be maintained for a long period. 

It is another object of the invention to provide a battery 
charging apparatus, wherein a plurality of circuits for dif 
ferent charging modes can be integrated so that the circuit 
scale can be reduced. 

According to an aspect of the invention, there is provided 
a battery charging apparatus for charging a chargeable 
battery, comprising: 

a dc power source for generating a charging current; 

current control means connected between the dc power 
source and a chargeable battery to be charged; 

charging controller means connected to the current con 
trol means for controlling a ?ow of the charging current 
from the dc power source to the chargeable battery; and 

charging condition detecting means for detecting a charg~ 
ing condition of the chargeable battery during a charg 
ing operation; 

wherein the charging controller means supplies a control 
pulse to the current control means. 

Charging to cope with an over-charge or a self-discharge 
occurs at a periodic pulse current having a constant 
amplitude. This results in charging without degrading 
the battery characteristics. In addition, switching 
between charging modes is performed by a charging 
controller. Thereby, diiferent charging circuits are inte 
grated so that the size of the apparatus can be reduced. 

The above, and other, objects, features and advantage of 
the present invention will become readily apparent from the 
following detailed description thereof which is to be read in 
connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are schematic diagrams to show an 
example of a charging current in the prior art; 

FIGS. 2A and 2B are schematic diagrams to show another 
example of a charging current in the prior art; 
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FIG. 3 is a circuit block diagram of an example of the 
existing battery charging apparatus; 

FIG. 4 is a circuit block diagram of a battery charging 
apparatus according to a ?rst embodiment of the invention; 

FIG. 5 is a schematic diagram of an example of the 
characteristics of the chargeable battery; 

FIG. 6 is a circuit block diagram of a battery charging 
apparatus according to a second embodiment of the inven 
tion; 

FIGS. 7A and 7B are schematic diagrams of an example 
of the charging current; 

FIG. 8 is a ?owchart of an example of the quick charging 
operation of the charging controller; 

FIG. 9 is a circuit block diagram of a battery charging 
apparatus according to a third embodiment of the invention; 
and 

FIG. 10 is a waveform diagram of a charging current in 
the battery charging apparatus according to the third 
embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of the invention will now be explained 
below with reference to the drawings. 

FIG. 4 shows a circuit block diagram of a battery charging 
apparatus according to a ?rst embodiment of the invention. 
In FIG. 4, an ac plug 1 is connected to the primary winding 
of a transformer 2. A diode 3 is connected at one end to the 
secondary winding of the transformer 2. The other end of the 
diode 3 is connected to one end of a capacitor 4 and a 
terminal 5A of a dc-dc converter 5. A terminal 5C of the 
dc-dc converter 5 is grounded, and a terminal 5B is con 
nected to one end of a capacitor 6. The other end of the 
secondary winding of the transformer 2 is connected to the 
other end of the capacitor 4 and the other end of the capacitor 
6. 

In addition, the one end of the capacitor 6 is connected to 
an emitter of a transistor 7 and an emitter of a transistor 8. 
A collector of the transistor 7 is connected to a collector of 
the transistor 8 at a junction point 12 through a resistor 18 
for limiting current flow. A base of the transistor 7 is 
connected to a collector of a transistor 9, and a base of the 
transistor 8 is connected to a collector of a transistor 10, 
respectively. A base of the transistor 9 is connected to a 
terminal 11A of a charging controller 11, and a base of the 
transistor 10 is connected to a terminal 11B of the charging 
controller 11, respectively. In addition, both an emitter of the 
transistor 9 and an emitter of the transistor 10 are grounded. 
Resistors 7A, 8A, 9A and 10A for bias are respectively 
connected between each base and emitter of the transistors 
7, 8, 9 and 10. 
The junction point 12 is connected to one end of a resistor 

13 and one end of a diode 14. The other end of the resistor 
13 is connected to a terminal 11C of the charging controller 
11, and also connected to one end of a resistor 15. The other 
end of the resistor 15 is grounded. The resistor 13 and 
resistor 15 are used to detect the voltage of a chargeable 
battery. That is, a change of a charging voltage AV from the 
time at which a chargeable battery 16 which will be 
explained later is fully charged to the time at which dis 
charging starts, is detected by the resistors 13 and 15. The 
other end of the diode 14 is connected to the chargeable 
battery 16 of a nickel-cadmium type or an nickel-hydrogen 
type through a terminal 19A. In addition, a battery tempera 
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4 
ture sensor 17 (for example, a thermistor) for detecting the 
temperature of the chargeable battery 16 is mounted adja 
cent to the chargeable battery 16, and connected to a 
terminal 11D of the charging controller 11 through a termi 
nal 19B. A temperature change At of the chargeable battery 
16 is detected by the battery temperature sensor 17. 
A power source supplied from the ac plug 1 is reduced to 

a speci?ed voltage level by the transformer 2, and becomes 
a regulated dc power source through the diode 3 and the 
capacitor 4 in the dc-dc converter 5. An output from the 
dc-dc converter 5 is supplied to the emitter of the transistor 
7 and the emitter of the transistor 8. If a normal charging is 
required, a control signal CS1 is applied from the terminal 
11A of the charging controller 11 to the base of the transistor 
9 to turn on the transistor 9. This allows the transistor 7 to 
be turned on. A collector current of the transistor 7 is 
supplied to the chargeable battery 16 through the resistor 18 
and a diode 14. Thus, the normal charging is made. 

If a quick charging is required, then a control signal CS2 
from the terminal 113 of the charging controller 11 is 
applied to the base of the transistor 10 to turn on the 
transistor 10. This allows the transistor 8 to be turned on. A 
collector current of the transistor 8 is supplied through the 
diode 14 to the chargeable battery 16. 
The operations of the charging controller 11 after the 

chargeable battery has been fully charged by the quick 
charging are described below. Whether the chargeable bat 
tery 16 has already been fully charged or not is determined 
by a signal supplied from a junction point between the 
resistors 13 and 15 connected to the terminal 11C of the 
charging controller 11, a signal supplied from the battery 
temperature sensor 17 to the terminal 11D of the charging 
controller 11, and a charging timer provided in the charging 
controller 11. Moreover, in addition to the charging timer, 
the charging controller 11 contains an input signal process 
ing circuit, a data processing and memory circuit, and the 
like (not shown). The charging controller 11 is preferably 
constituted by a one-chip microcomputer. 

In the input signal processing circuit, information on the 
charging timer, and information on voltage value and battery 
temperature supplied in analog values are converted to 
digital values. A digital output signal from the input signal 
processing circuit is supplied to the data processing and 
memory circuit. In the data processing and memory circuit, 
based on such a digital signal, the pulse width and its cycle 
of a current output from the terminal 11B of the charging 
controller 11 are calculated and stored. When self-discharg 
ing occurs after the chargeable battery 16 has been fully 
charged, then a pulse control signal CS2 is supplied from the 
terminal 11B in a predetermined cycle. Thus, the transistor 
10 is periodically turned on to ensure the full-charging state. 
In this case, since the charging is made intermittently, the 
degradation of characteristics of the chargeable battery can 
be prevented. 
The calculation of the pulse width is carried out based on 

characteristic data of the chargeable battery stored in the 
data processing and memory circuit of the charging control 
ler 11 (refer to FIG. 5). The capacity of a chargeable battery 
having characteristic data as shown in FIG. 5 is given as 
1000 mAb and the voltage thereof is 6 V. According to 
characteristic data of the chargeable battery, the monthly 
self-discharging is found as 300 mAh. The amount of the 
battery self-discharging per hour is calculated from the 
result as follows: 
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Discharging amount = 300 mAh/(3O x 24) 

0.416 mAh 

Moreover, assuming that the charging current is at 40 mA, 
the charging time, that is, the pulse width per hour is 
determined as follows: 

0.416 mAh/40 rnA 

37.44 sec. 

Charging time = 

II 

From this calculation, the pulse width of the control signal 
CS2 supplied from the terminal 118 after the full-charging 
is determined as 37.44 sec., per hour. The value of the pulse 
current supplied to the chargeable battery at this time is 
equivalent to that in the quick charging. The pulse width 
may not be found as 37.44 see. but, for example, some 40 to 
50 see. 

FIG. 6 shows a circuit block diagram of a battery charging 
apparatus according to a second embodiment of the inven 
tion. In FIG. 6, an ac plug 21 is connected to a primary 
winding of a transformer 22. A diode 23 is connected at one 
end to a secondary winding of the transformer 22. The other 
end of the diode 23 is connected to one end of a capacitor 
24 and a terminal 25A of a dc-dc converter 25. In addition, 
a terminal 25C of the dc-dc converter 25 is grounded, and a 
terminal 25B is also connected to one end of a capacitor 26. 
The other end of the secondary winding of the transformer 
22 is connected to the other end of the capacitor 24 and the 
other end of the capacitor 26. 

In addition, one end of the capacitor 26 is connected to an 
emitter of a transistor 27, one end of a bias resistor 28 and 
a terminal 29A of a dc regulator 29, and grounded through 
a capacitor 26A. A base of the transistor 27 is connected to 
the other end of the bias resistor 28 and a terminal 30B of 
a charging controller 30. Moreover, a terminal 298 of the dc 
regulator 29 is connected to a terrrrinal 30A of the charging 
controller 30, and grounded through a capacitor 36. A 
terminal 29C of the dc regulator 29 is grounded. A collector 
of the transistor 27 is connected to one end of a diode 31 and 
one end of a resistor 32. The other end of the resistor 32 is 
connected to one end of a resistor 33 and a terminal 30C of 
the charging controller 30. The other end of the resistor 33 
is grounded. The resistor 32 and the resistor 33 are used as 
resistors for the voltage detection of a chargeable battery 34 
which will be explained later. That is, a change of a charging 
voltage AV from the time at which the chargeable battery 34 
is fully charged to the time at which discharging starts, is 
detected by the resistors 32 and 33. 
The other end of the diode 31 is connected to a positive 

side of the chargeable battery 34 through a terminal 37A. A 
negative side of the chargeable battery 34 is grounded 
through a terminal 37C. A battery temperature sensor 35, for 
example, a thermistor to detect the temperature of the 
chargeable battery 34, is mounted adjacent to the chargeable 
battery 34, and connected to a terminal 30D of the charging 
controller 30 through a terminal 37B. A temperature change 
At of the chargeable battery 34 is detected by the battery 
temperature sensor 35. 

A power source supplied from the ac plug 21 is reduced 
to a specified voltage by the transformer 22, and becomes a 
stabilized power source through the diode 23 and the capaci 
tor 24 in the dc-dc converter 25. An output signal from the 
dc-dc converter 25 is applied to the emitter of the transistor 
27 and the dc regulator 29. When normal charging is 
required, then a control signal for the normal charging from 
the terminal 30B of the charging controller 30 is applied to 
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6 
the base of the transistor 27. This allows the transistor 27 to 
be turned on. A collector current in the transistor 27 is 
supplied through the diode 31 to the chargeable battery 34. 
When a quick charging is required, then a control signal 

for the quick charging from the terminal 30B of the charging 
controller 30 is applied to the base of the transistor 27. The 
chargeable battery 34 is therefore charged in the same way 
as mentioned above. In this case, the amount of the charging 
current is shown in FIG. 7A. 

The operation of the charging controller 30 after the 
chargeable battery 34 has been fully charged is described 
below. Whether the chargeable battery 34 has already been 
fully charged or not is determined by a signal supplied from 
junction points of the resistors 32 and 33 to the terminal 30C 
of the charging controller 30,‘ a signal supplied from the 
battery temperature sensor 35 to the terminal 30D of the 
charging controller 30, and a charging timer provided in the 
charging controller 30. In addition, this charging to com 
pensate for any self-discharge is made with the same current 
as that in the quick charging. More speci?cally, this charging 
comprises a pulse having a current value in a range of 1/roth 
to l/soth of that in the full-charging (refer to FIG. 7B). 
Moreover, in addition to the charging timer, an input signal 
processing circuit and a data processing and memory circuit 
and the like (not shown) are additionally provided in the 
charging controller 11. 

In the input signal processing circuit, information on the 
charging timer and information on the voltage value and 
battery temperature supplied at analog values are converted 
to digital values. A digital output signal from the input signal 
processing circuit is supplied to the data processing and 
memory circuit. In the data processing and memory circuit, 
based on such a digital signal, the pulse width of a current 
output from the terminal 308 of the charging controller 30 
is calculated and stored. 

In the battery charging apparatus, the quick charging and 
normal charging circuits are united into one to switch over 
the quick charging and normal charging by means of a 
control signal supplied from the charging controller 30. This 
results in a miniaturized battery charging apparatus and the 
like. 

FIG. 8 shows a ?owchart of operations in a quick charging 
for the charging controller 30 to control the charging. As 
shown in FIG. 8, when a quick charging is performed on the 
chargeable battery (step 41), whether the chargeable battery 
34 is fully charged or not is determined by a signal input 
from the terminals 30C and 30D of the charging controller 
30 (step 42). 

After the full~charging, the transistor 27 is turned off (step 
43), and at this time a charging timer in the charging 
controller 30 is set to on (step 44). The on time data of the 
charging timer is stored in the data processing and memory 
circuit, and in the step 44 is practically used to control the 
oil” time of the transistor 27. 

If in the step 45 the expiration of a speci?ed time preset 
for the charging timer is con?rmed, a pulse control signal is 
supplied to the transistor 27 to turn on the transistor 27 (step 
46). This allows the chargeable battery 34 to be charged to 
compensate for a self-discharge. When the transistor 27 is 
turned on, the charging timer is activated (step 47) and the 
charging time for the chargeable battery 34 is set. In this 
case, the setting value of the charging time is stored in the 
data processing and memory circuit in the same way as 
mentioned above. If it is found in the step 48 that a speci?ed 
time preset to the charging timer has passed, the control is 
returned to the step 43 to turn off the transistor 27. 
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Incidentally, the existing battery charging apparatus may 
be provided with charging modes by means of, in addition 
to a quick charging and a normal charging, an initial 
charging with a current ?owing so as to check if a chargeable 
battery is normal, a supplementary charging with, for 
example, current to enable the full-charging of a chargeable 
battery of a nickel-hydrogen type or a trickle charging. In 
such battery charging apparatuses, as many changing cir 
cuits are constructed as the number of the charging modes. 
In this regard, it is recommended that the battery charging 
apparatus should be still more miniaturized. 

FIG. 9 shows a battery charging apparatus according to a 
third embodiment of the invention constructed to taking 
account of the battery conditions. It is assumed here that a 
chargeable battery consisting of a nickel-hydrogen type shall 
be charged. In FIG. 9, an ac power of 100 V is supplied 
through an ac plug (not shown) to a charging power source 
51. Initial charging current from the charging power source 
51 is supplied to a chargeable battery 67. That is, an output 
of 5 V and 1000 mA is obtained. An emitter of a transistor 
52 is connected to the charging power source 51, and a 
charging controller 53 is also connected thereto. A constant 
current from the charging power source 51 is supplied to the 
transistor 52. A base of the transistor 52 is connected through 
a resistor 54 to the charging controller 53. A collector of the 
transistor 52 is connected to a terminal 57 through a junction 
point 55 where one end of a resistor 63 is connected thereto, 
and a diode 56. 

The charging controller 53 which is supplied with a 
constant voltage of 5 V from the charging power source 51 
is connected to a terminal 58 and a terminal 59. In the 
terminal 59, the capacity of a chargeable battery 67 con 
nected there is detected. Namely, assuming that the charge 
able battery 67 having a capacity of 1000 mA is connected, 
the terminal 59 is connected to the (—) side of the chargeable 
battery 67 and shortcircuited. On the other hand, if the 
chargeable battery 67 with a capacity of 600 mA is con 
nected, then the terminal 59 is not connected anywhere but 
placed in an open state. The charging controller 53 is 
connected to a switch part 60 to detect whether a chargeable 
battery 67 has been connected or not. Moreover, the charg 
ing controller 53 is connected both to one end of a resistor 
61 and one end of a capacitor 62. The charging control is 
made possible at a voltage of AV, by supplying to the 
charging controller the voltage of drop due to the resistor 61. 
One end of the resistor 61 is connected to the other end of 
the resistor 63. In addition, a terminal 64, a ?xed terminal of 
the switch part 60, the other end of the resistor 61, the other 
end of the capacitor 61 and the charging controller 53 are 
connected to the charging power source 51 and grounded. A 
portion 65 shown with dashed lines in FIG. 9 corresponds to 
the chargeable battery 67 to be pack. 
The terminal 57 is connected to the (+) terminal of the 

chargeable battery 67. A battery temperature sensor 66 (for 
example, consisting of a thermistor) to detect the tempera 
ture of the chargeable battery 67 is connected to a (—) 
terminal of the chargeable battery 67, and the battery tem 
perature sensor 66 is connected to a terminal 58. In addition, 
the (—) terminal of the chargeable battery 67 is connected to 
the terminal 59 and the terminal 64. 
The operation of the battery charging apparatus as shown 

in FIG. 9 is described below. If the switch part 60 detects that 
a chargeable battery pack 65 has been connected, then its 
detection signal is supplied to the charging controller 53. In 
addition, the capacity of the connected chargeable battery 67 
is detected depending on whether the terminal 59 is open or 
shortcircuited, and its detection signal is supplied to the 
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8 
charging controller 53. This causes a control signal from the 
charging controller 53 to be supplied through the resistor 54 
to the transistor 52, and thereby the transistor 52 is turned 
on. Initial charging current is supplied to the chargeable 
battery 67 to check if the chargeable battery 67 normally 
operates. Next, the chargeable battery 67 is quickly charged 
by a 1000 mA constant current to be supplied from the 
charging power source 51. After that, a supplementary 
charging is carried out to fully charge the chargeable battery 
67. If discharging of the chargeable battery 67 begins, then 
the trickle charging is started. 
The temperature of the chargeable battery 67 is detected 

by the battery temperature sensor 66, and then the detected 
value is supplied to the charging controller 53. In addition, 
the resistors 61 and 63 detect whether or not the chargeable 
battery 67 has been charged. Namely, the fully charged 
battery starts self-discharging. The resistors 61 and 63 detect 
a change AV in the charging voltage at that time. The 
charging controller 53 behaves just like the charging con 
trollers 11 and 30 as shown in FIG. 4 and FIG. 6. This causes 
a charging mode selected for the chargeable battery 67 to be 
switched over. 

Incidentally, the battery temperature sensor is provided in 
the aforementioned ?rst, second and third embodiments, so 
as to enable the detection of a temperature change At of the 
chargeable battery 67. Therefore, if a weakly charged nickel 
hydrogen battery is connected which has been quick 
charged just before full-charging, thereafter a control signal 
from the battery temperature sensor is supplied to the 
charging controller for and switched over to the supplemen 
tary charging. Therefore, even when the chargeable battery 
of nickel hydrogen type should be charged, charging can be 
suitably made. Since a nickel~hydrogen battery is as a 
practical matter hard to discharge, the trickle charging may 
not be carried out. 

In addition, a resistor for the voltage detection is provided 
for the detection of a voltage change AV of the chargeable 
battery. Therefore, even if a nickel-cadmium battery is 
connected, it can be suitably charged. In the aforementioned 
?rst, second and third embodiments, a voltage change AV 
and a battery temperature change At, etc. are supplied to the 
charging controller 53 in order to switch over the charging 
mode. However for example, if a nickel-cadmium battery is 
connected, only the voltage change AV may be supplied to 
the charging controller 53, while if a nickel-hydrogen bat 
tery is connected, only the temperature change At may be 
supplied thereto. 

FIG. 10 shows a waveform diagram of charging current, 
for example, in case that a nickel-hydrogen battery is 
charged by the battery charging apparatus as shown in FIG. 
9. If the chargeable battery is connected, then charging 
current with a period T1 is supplied to the chargeable battery 
for an initial charging. In the state of a quick charging, 
current as shown for the period T2 is supplied to the 
chargeable battery. Charging current to be supplied to the 
chargeable battery is switched over to the supplementary 
charging as shown in the period T3 just before its capacity 
is fully charged. This supplementary charging allows the 
capacity of the chargeable battery to be fully charged. After 
the full-charging, if the discharging begins to occur, then a 
trickle charging as shown in the period T4 is started. As seen 
in FIG. 10, the amplitude of charging current is constant 
without regard to the charging mode, and the charging mode 
is switched over by changing the pulse width. 
Now, assuming that the capacities of chargeable batteries 

to be charged by the battery charging apparatus are set to 
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1000 mA (for the battery A) and 600 mA (for the battery B), 
the charging current for each battery is given as follows: 

Initial Quick Supplementary Trickle 
Charging Charging Charging Charging 

Battery A 150 mA 1000 mA 100 mA 10 mA 
Battery B 90 mA 600 mA 60 mA 6 mA 

Therefore, in case of the charging using a charging current 
value of up to 1000 mA, the duty ratio of a pulse of a 
charging current is given as follows: 

Initial Quick Supplementary Trickle 
Charging Charging Charging Charging 

Battery A 15% 100% 10% 1% 
Battery B 9% 60% 6% 0.6% 

In case of the charging cycle T of 1000 see, the is given 
as follows: charging time corresponding to a pulse width 

Initial Quick Supplementary Trickle 
Charging Charging Charging Charging 

on on" on off on off on 05 

Battery 150 850 1000 0 100 900 10 990 

granary 90 910 600 400 60 940 6 994 

(In seconds) 

In addition, in case of the charging cycle T of 166.7 sec. 
(=1000 sec/6), the charging time corresponding to a pulse 
width is given as follows: 

Initial Quick Supplementary Trickle 
Charging Charging Charging Charging 

on 011" on off on off on 05 

Battery 25 141.7 166.7 0.0 16.7 150.0 1.67 165.0 
A 
Battery 15 151.7 100.0 66.7 10.0 156.7 1.00 165.5 
13 

(In seconds) 

As seen from times in case of the charging cycle T=l66.7 
sec., the minimum charging time is set at 1.0 sec. (refer to 
the trickle charging of Battery B). 

Having described speci?c preferred embodiments of the 
present invention with reference to the accompanying draw 
ings, it is to be understood that the invention is not limited 
to those precise embodiments, and that various changes and 
modi?cations may be effected therein by one skilled in the 
art without departing from the scope or the spirit of the 
invention as de?ned in the appended claims. 

According to the invention, the miniaturization of a 
circuit scale can be realized by uniting multiple circuits 
required for multiple charging modes into one circuit by use 
of a charging controller. In addition to this, even if an IC is 
used in the control block, the number of used pins of the 1C 
can be decreased, and therefore the function of 1C itself is 
not restricted. In addition, a battery temperature sensor is 
provided for the chargeable battery of a nickel-hydrogen 
type, etc. which is weak for over-charging, and a pulse 
supplementary charging is carried out corresponding to its 
detected output, so that full-charging can be achieved with 
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10 
out degrading the battery characteristics. Therefore, the 
battery capacity of a chargeable battery can be maintained 
over a long period. On the other hand, for a chargeable 
battery of a nickel-cadmium type, a means is for the voltage 
detection is provided, whereby charging after the discharg 
ing can be made. Moreover, since the charging is intermit 
tently repeated, it is possible to prevent the characteristics of 
the chargeable battery from being degraded. 
What is claimed is: 
1. A battery charging apparatus for charging a chargeable 

battery, comprising: 
a dc power source for generating a charging current; 
current control means connected between said dc power 

source and a chargeable battery to be charged; 
charging controller means connected to said current con 

trol means for controlling a ?ow of said charging 
current from said dc power source to said chargeable 
battery, and for supplying a pulse train of control pulses 
to said current control means for supplying said charg 
ing current to said chargeable battery corresponding to 
a change in self-discharge after a completion of charg» 
ing of said battery; and 

charging condition detecting means for detecting when 
said chargeable battery is fully charged and when said 
chargeable battery starts discharging at a self-discharge 
rate; 

wherein said charging controller means supplies said 
control pulse train to said current control means and the 
pulse width and the interval between the control pluses 
of said pulse train are selected by said charging con 
troller means based at least upon the rate of self 
discharge of said chargeable battery such that said 
chargeable battery receives pulses of said charging 
current corresponding to said control pulse train which 
are su?icient to atfect said self-discharging. 

2. A battery charging apparatus as cited in claim 1, 
wherein said charging controller means operates in a plu 
rality of charging modes which are determined by a pulse 
width and an interval of said control pulse to be supplied to 
said current control means, wherein said pulses of charging 
current supplied to said chargeable battery have substarr~ 
tially the same amplitude in each of said plurality of charg 
ing modes. 

3. A battery charging apparatus as cited in claim 2, 
wherein said plural modes includes a quick charging mode, 
and a trickle charging mode responsive to discharging of a 
charged battery. 

4. A battery charging apparatus as cited in claim 3, 
wherein said modes further include an initial charging and a 
supplemental charging. 

5. A battery charging apparatus as cited in claim 1, 
wherein said current control means includes a ?rst current 
controller to be used during a quick charge mode and second 
current controller to be used during a trickle charge mode. 

6. A battery charging apparatus as cited in claim 5, 
wherein said charging current to said chargeable battery by 
said second current controller is in a range of about l/roth to 
about 1/soth of the charging current to said chargeable battery 
by said ?rst current controller. 

7. A battery charging apparatus as cited in claim 1, 
wherein said charging condition detecting means includes 
battery voltage detecting means for detecting battery voltage 
and battery temperature detecting means for detecting bat 
tery temperature. 

_ 8. A battery charging apparatus as cited in claim 1, 
wherein said charging controller means includes a charging 
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timer which determines charging time after said recharge 
able battery has fully charged. 

9. A battery charging apparatus as cited in claim 1, 
wherein said pulse width is calculated based on character 
istic data of said chargeable battery stored in said charging 
controller means. 

10. A battery charging apparatus for charging a chargeable 
battery, comprising: 
means for charging a chargeable battery in at least one of 

a plurality of charging modes, including a normal 
charging mode, a quick charging mode, and a discharg 
ing responsive mode, said charging means including a 
dc power source for generating a charging current; 

charging condition detecting means for detecting whether 
said chargeable battery is fully charged and whether 
said chargeable battery has begun to self-discharge; 

charging controller means connected to said charging 
means and responsive to said charging condition 
detecting means for supplying a pulse to said charging 
means having a predetermined pulse width and interval 
according to at least one of said modes of charging, said 
pulse width and interval being related to a rate of 
discharge characteristic of said chargeable battery 
when said charging means is operating in said discharg 
ing responsive mode. 

11. A battery charging apparatus as set forth in claim 10, 
wherein said charging condition detecting means further 
detects a temperature of said chargeable battery and pro 
vides a signal representative of said battery temperature to 
said charging controller means. 

12. A battery charging apparatus as set forth in claim 10 
wherein said charging condition detecting means include 
passive elements for determining when said chargeable 
battery has begun to discharge by detecting a change of a 
charging voltage between a time at which the battery is fully 
charged and a time at which discharge starts. 

13. A battery charging apparatus as set forth in claim 12, 
wherein said charging controller means further ‘includes a 
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timing means for controlling a duration of application of 
said pulse. 

14. A battery charging apparatus as set forth in claim 10 
wherein said pulse is intermittently supplied to said charge 
able battery when said means for charging operates in said 
discharging mode. 

15. A battery charging apparatus as set forth in claim 10, 
wherein said pulse width is calculated based on character 
istic data of said chargeable battery stored in said charging 
controller means. 

16. Abattery charging apparatus for charging a chargeable 
battery, comprising: 

means for charging a chargeable battery in at least one of 
a plurality of charging modes, including a normal 
charging mode, a quick charging mode, and a discharg 
ing responsive mode, said charging means including a 
dc power source for generating s charging current; 

charging condition detecting means for detecting whether 
said chargeable battery is fully charged and whether 
said chargeable battery has begun to self-discharge; 

charging controller means connected to said charging 
means and responsive to said charging condition 
detecting means for supplying a pulse to said charging 
means having a predetermined pulse width and interval 
according to at least one of said modes of charging, said 
pulse width and interval being related to a rate of 
discharge characteristic of said chargeable battery 
when said charging means is operating in said discharg 
ing responsive mode; 

wherein said charging condition detecting means include 
passive elements for determining when said chargeable 
battery has begun to discharge by detecting a change of 
a charging voltage between a time at which the battery 
is fully charged and a time at which discharge starts; 

wherein said pulse width is calculated based on charac 
teristic data of said chargeable battery stored in said 
charging controller means. 

***** 


